Background: Aiming to inform curriculum changes in medical school, we developed, administered, and validated a 31-question survey to measure the learning environment as perceived by medical students.
The experience of studying in medical schools has been considered to be analogous to belonging to an abusive and dysfunctional family. [ 1] There is a considerable literature on the stressful and punitive nature of medical school education. [2] [3] [4] This education provides a stark contrast to the behaviors deemed necessary for physicians to be compassionate and caring of their patients, be patient-centered, and form therapeutic relationships with their patients.
Extensive press coverage of increasing medical litigation and decreasing patient satisfaction suggests that physicians optimally do not learn the communication skills necessary for providing care today. [ 5] Further, recent studies show that the behavior of physicians reflects their experience in medical school. [ 6] Given these findings, we suggest that change is necessary in our nation's medical schools. It is our goal to measure the learning environment as perceived by medical students and use this data to target curriculum changes.
We consider that the relationship between teacher and learner is analogous to that between physician and patient. To promote the ability in our medical students to form therapeutic physician-patient relationships (Phys-PT Rs), we believe it is necessary to model effective relationship formation between teacher and student in medical school. We hypothesized that if students have experienced facilitative instructional methods, they will be more likely to employ these same advantageous methods with their patients.
Likewise, the literature suggests that physicians are more likely to perform tasks about which they report a high degree of self-efficacy. [ 7] In turn, self-efficacy correlates with autonomy in learners, [ 8] and autonomy is a good preparation for becoming self-directed in learning--a requirement for all physicians.
In addition to learning to be self-directed, students today must learn to teach patients to take responsibility for their own health, make informed choices regarding their health care, and take optimal advantage of their physician's recommendations. [ 9] In other words, they must learn to facilitate learning in their patients, another parallel between the teacher-learner and physicianpatient dyads. This kind of process in which individuals take the initiative with or without the help of others in diagnosing their learning needs, formulating goals, identifying human and material resources, and evaluating learning outcomes is called learner-centered learning. [ 10] Through learnercentered learning, patients and students alike take responsibility for their goals and participate actively in reaching them.
A number of investigators have assessed medical students' perceptions of their education. Marshall [ 11] tested a survey instrument to measure the learning environment on a variety of dimensions including flexibility, student interaction, emotional climate, supportiveness, meaningful learning, organization, and breadth of interest. The same instrument later was modified and validated at Australian medical schools. [ 12] Levy et al. [ 13] also surveyed the learning environment in a Georgia medical school in the context of assessing curriculum change. Dimensions measured desirability of learning situation, academic enthusiasm, goal direction, authoritarianism, breadth of interest, student interaction, and intellectual maturity. In 1973, Atkinson [ 14] highlighted the differences in teaching as perceived by students in medical and surgical clinical rotations in a Scottish medical school and found prevalent perceptions of apprenticeship and passive observer-only roles for students.
Rogers [ 15] postulated that three critical dimensions facilitate learning: empathy, congruence, and unconditional positive regard. Apsy [ 16] applied the same dimensions to classroom teaching and found them to be significantly and positively associated with student achievement. And, using survey research, Ashworth et al. [ 17] assessed provider beliefs about the psychosocial aspects of patient care.
Building on the concepts and instruments mentioned earlier, we designed a shorter survey to measure students' perceptions of their learning environment. Our questionnaire adds to the work of Marshall, [ 11] Felletti and Clarke, [ 12] and others in that it focuses specifically on attributes in teachers that are proven to facilitate learning. These dimensions include trust and positive relationship formation between students and faculty members, positive regard for students held by faculty members, [ 15, 16] student self-efficacy [ 7, 8] (i.e., their self-perceived ability to perform as a physician), learner-centered learning, [ 10] and attitudes about the relationship between physician and patient. We used this survey to gain a better understanding of the learning environment and the process of learning at our institution.
MEASURING STUDENTS' PERCEPTION OF EDUCATION

Instrument Development
To measure students' experiences with their medical school education, we developed a survey consisting of 31 questions intended to measure aspects of the learning environment. We sought the help of nationally recognized medical educators who shared questionnaire materials that they had developed regarding the learning environment. We gained feedback on an early draft of the survey from medical colleagues with expertise in these areas at other institutions. We incorporated their comments and revised the survey into the current form (see Appendix).
Referring to the Appendix, we intended survey questions 1-3, 13, and 15 to measure learnercentered learning; questions 4-12, 14, 16, 22-23, and 28-31 to measure the teacher-learner relationship (T-L R); and questions 1, 8-21, and 24-27 to measure self-efficacy. We included Question 17 to assess medical school teachers. We used the data on Question 17 in a separate analysis.
Participants and Setting
We administered the survey annually to 3 successive years of students in the four medical school classes in a southeastern medical school starting May 1994 and ending May 1997 (N = 619). The survey was given once a year, at the end of each school year, in a class attended by all students and took approximately 10 min to complete.
Students were asked to respond to each survey question as it applied to their experience in the year of medical school they had just completed. Each survey was precoded for year in school, date of survey administration, and random student identification number. Students were promised confidentiality of their responses. The completed surveys and the random student identification numbers were locked in a filing cabinet. The latter information was not used, as exploring individual differences across time was not the purpose of the study.
This design produced two sets of groups. First, the data include students' reflections while in each of the 4 years of medical school (M1 = 197, M2 = 182, M3 = 176, M4 = 64). Second, the data include students who responded to the survey once (n = 319), students who responded twice (n = 174), and students who responded three times (n = 126).
Analysis
The first step in our analysis was to see if the survey was equally valid and reliable for students responding to the survey for the first, second, and third time (i.e., a testing effect). Next, we assessed the validity and reliability of the survey across students in different years of medical school. [ 18, 19] To assess the validity and reliability of the survey, we performed an exploratory factor analysis (principal components) and a Cronbach's reliability analysis on each of these groups. [ 20, 21] Both factor and reliability analyses used shared variation among variables to indicate which variables seem to indicate or measure similar factors or concepts. The higher the shared variation, the more likely the variables measured a similar concept. Exploratory factor analysis produced factor loadings (range = 0-1), which indicated how strongly each variable loads on or reflects each factor or concept. Generally, researchers look for variables to load .5 or higher exclusively on one factor. Cronbach's reliability analysis produced interitem correlations (range = 0-1), which measured the internal consistency of a scale containing each of the variables. Generally, researchers look for correlations of .7 or higher.
Based on the factor and reliability analyses, we then summed the questions on each factor into an index. We averaged the respondents' scores on all of the indexes to position each on a scale ranging from 1 (never) to 4 (always). On all of the indexes, the higher the score, the more favorably the student responded. Finally, we compared the mean index values across different years of medical school and across the number of times the student took the survey.
EVALUATION
To look for a testing effect, we first grouped the data into those who responded once, twice, and three times to the survey. The factor analysis shows that the students in each of these groups responded similarly to questions 6-15, 19-21, and 30-31.
[a] These three sets of questions consistently reflect three factors for the students, regardless of how many times they took the survey or their year in medical school. We named the three factors the T-L R, self-efficacy, and the Phys-Pt R, respectively. Table 1 shows the final factor solutions, explained variation, and reliabilities for each of the three factors.
As shown in Table 1 , across the groupings for numbers of times the respondents took the survey, the factor loadings are mostly in the .70s and .80s for T-L R, mostly in the .80s and .90s for self-efficacy, and all in the .90s for Phys-Pt R. Each factor explains a similarly large amount of variation across the three groups, ranging from 59% to 62% on the T-L R, 74% to 86% on self-efficacy, and 81% to 92% on the Phys-Pt R. The reliabilities are all sufficiently high, ranging from .92 to .93 for the T-L R, .81 to .92 for self-efficacy, and .76 to .90 for Phys-Pt R.
Having found that the survey holds equally well regardless of the number of times a student takes it, we next grouped the data into the 4 years of medical school to see if students' perceptions of medical tion change as they progress through school. The analysis shows that the students in each year of school respond similarly to questions 6-15, 19-21, and 30-31 (the same question sets as from the previously discussed analysis). These three sets of questions consistently reflect three factors for the students, regardless of how many times they took the survey or their year in medical school. Again, we named the three factors T-L R, self-efficacy, and Phys-Pt R, respectively. Table 1 shows the final factor solutions, explained variation, and reliabilities for each of the three factors.
As shown in Table 1 , across the four groups for year in medical school, the factor loadings are mostly in the .70s and .80s for the T-L R, mostly in the .80s and .90s for self-efficacy, and all in the .90s for Phys-Pt R. Each factor explains a similarly large amount of variation across the four groups, ranging from 57% to 61% on the T-L R, 73% to 90% on self-efficacy, and 85% to 92% on Phys-Pt R. The reliabilities are all sufficiently high, ranging from .92 to .93 for the T-L R, .81 to .94 for self-efficacy, and .83 to .92 for the Phys-Pt R.
The similarity in the factor and reliability analyses across the seven groups suggests that the measurement models for T-L R, self-efficacy, and Phys-Pt R are equally valid and reliable for students in different years of medical school and for students responding to the survey once or multiple times. Having found that the measurement models hold equally well for all the groups, we then computed additive indexes based on the factor and reliability analyses. Because all of the factor loadings were about equal across the groups, we assigned equal weights for the variables in each scale. We substituted the mean for the group for any student that was missing data on any variable in an index.
[a] Next, we tested the mean differences on each index across the two sets of groups using F tests and individual multiple-comparison t tests. All tests were done at a = .05. Tables 2 and 3 present descriptive statistics and the means tests for the three indexes.
As shown in Table 2 , there are significant differences in the means on all three indexes across the different years in school. These mean differences suggest that students in different years of medical school cannot be combined into one analysis. Specifically, M1 students hold more favorable perceptions of the T-L R in medical school than do M2 and M3 students. M4 students possess less self-efficacy than do M1, M2, and M3 students. And M4 students think the relationship between physician and patient is less important than do M1, M2, and M3 students.
Similarly, as shown in Table 3 , there are significant differences in the means on all three indexes for students responding to the survey once or multiple times. These mean differences suggest that students who have taken the test more than once can not be combined into one analysis with those who have taken the survey for the first time.
Specifically, first-time survey respondents hold more favorable perceptions of the relationship between teacher and learner in medical school than do second-time and third-time respondents. First-time survey respondents also possess more self-efficacy than do second-time and thirdtime respondents. Second-time survey respondents possess more self-efficacy than do thirdtime respondents. First-time survey respondents think that the relationship between physician and patient is more important than do second-time and third-time respondents. Finally, secondtime survey respondents think that the relationship between physician and patient is more important than do third-time respondents.
CONCLUSIONS
The survey responses reflected three dimensions of medical school learning: the relationship between teacher and learner, self-efficacy, and the relationship between physician and patient. We built measurement models for these three dimensions and found that they are equally valid and reliable for students in different years of medical school and for students responding to the survey once or multiple times. However, there were significant differences in the means on all three dimensions across students in different years of medical school and students responding to the survey once or multiple times. These mean differences indicate that when using this validated measurement model to assess students' perceptions of the learning environment, students in different years of school cannot be combined into one analysis; neither can students who have taken the survey different numbers of times.
As students progress through medical school, they perceive a deterioration in the relationship between teacher and learner, profess diminished self-efficacy, and accord less value to the relationship between physician and patient. We attribute these findings to the cumulative effect of the negative aspects of medical education across 4 years of schooling, which include growing cynicism [ 22] and the dehumanizing effect of medical education; [ 23] however, we cannot exclude the possibility that prior exposure to the instrument might influence responses.
Our finding that questions that were intended to measure learner-centered learning grouped with questions on the T-L R is not surprising. A trusting and constructive T-L R is essential for learner-centered learning to be optimally achieved; hence, we should expect reasonable overlap between these different perspectives on learning.
Researchers who want to build on this work could consider using only the questions from this survey shown to validly measure the T-L R (questions 6-15), self-efficacy (questions [19] [20] [21] , and the Phys-Pt R (questions 30-31). This would provide an opportunity to use a 15-item questionnaire to assess these crucial aspects of effective medical education. More research is needed to explore other aspects of these scales' validity and reliability.
The disturbing findings regarding the adverse effect of medical school have prompted us to restructure some o four teaching programs, with increased attention to the learning environment for students. We also have designed and implemented a series of faculty development programs focused on teaching skills for medical educators. In these programs, faculty experienced a safe and effective learning environment, which facilitated the learner-centered process of their learning with resultant skill development and enhanced self-efficacy. We also paid significant attention in these programs to activities that promote relationship formation among participating faculty and require reflection on each participant's experiences in medical school, practice, and teaching. Our assumption is that as faculty members participate in these programs they will model the same behaviors and strategies for their students. In the next 5 years, we plan to repeat the learning environment surveys to assess the effectiveness of the new programs on faculty and curriculum development.
